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The electroweak phase transition is considered in framework of the reduced min-
imal 3-3-1 model (RM331). Structure of phase transition in this model is divided
into two periods. The first period is the phase transition SU(3) → SU(2) at TeV
scale and the second one is SU(2) → U(1), which is the like-Standard Model elec-
troweak phase transition. When mass of the neutral Higgs boson (h1) is taken to be
equal to the LHC value: mh1 = 125 GeV, then these phase transitions are the first
order phase transitions, the mass of Z2 is about 4.8 TeV; and we find the region of
parameter space with the first order phase transition at vρ0 = 246 GeV scale, lead-
ing to an effective potential, where mass of the charged Higgs boson is in range of
3.258TeV < mh++ < 19.549TeV. Therefore, with this approach, new bosons are the
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2I. INTRODUCTION
Electroweak phase transition (EWPT) is a type of symmetry-breaking phase transition
which plays an important role at early stage of expanding universe. Particularly, the EWPT
is important to explaining baryon asymmetry of our Universe. As proposed by Sakharov [1],
three necessary conditions that a baryon-generating interaction in a theoretical model must
satisfy to produce an excess of baryons over antibaryons are: baryon number violation, C
and CP violations, and deviation from thermal equilibrium [1].
If baryon number (B) is conserved and is equal to zero, it will equal to zero forever.
In contrast, B will be vanished in the state of thermal equilibrium. Therefore we need
the third condition about the deviation from thermal equilibrium. The second condition is
appropriate for ensuring a different decay rate for particles and antiparticles [1].
The baryon number, C and CP violations can be showed throughout the sphaleron rate
and the CKM-matrix in models [2]. The sphaleron rate tells us about the baryon number
violation and the non-zero phases of CKM-matrix tell us about CP violation.
It is well-known that in order to ensure sufficient the third condition, deviations from
thermal equilibrium should be large enough, and therefore, the EWPT should be the first
order phase transition. The EWPT is the transition between symmetric phase to asymmetric
one in order to generate masses for particles. Therefore, the EWPT is related to the mass
of the Higgs boson [1].
In the basic model of particles, the first and second conditions can be satisfied, but
conditions on thermal imbalance is difficult to satisfy. So the analysis of the third condition
is the only approach at present in order to explain the baryon asymmetry.
Why is the first order phase transition? The effective potential is a function of temper-
ature and vacuum expectation values (VEVs). For very large temperature, it has only one
minimum at the zero, and the symmetry is restored. As temperature goes to T0, the non-
zero second minimum appears, this is the sign of symmetry breaking. When temperature
at the critical temperature (Tc < T0), the values of the effective potential at two minimums
are equal together, the symmetry breaking is turned on. And at the critical temperature, if
the two minimums are separated by a potential barrier, the phase transition will occur with
bubble nucleations. Inside the bubbles, the scalar field stores a non-zero expectation value.
If the bubble nucleation rate exceeds the universe’s expansion rate, the bubbles collide and
3eventually fill all space [1]. Such a transition is called the first order phase transition. It is
very violent and one can expect large deviations from thermal equilibrium [1]. The other
possible scenario takes place if the two minimums are never separated by a potential bar-
rier. In this case, the phase transition is a smooth transition, not violent or the second order
phase transition.
To study the EWPT, ones consider the hight-temperature effective potential as follows
Veff = D.(T
2 − T ′20)v2 − E.Tv3 +
λT
4
v4,
where v is the VEV of Higgs. In order to have the first order phase transition, the strength
of phase transition should be larger than the unit, i.e., vc
Tc
≥ 1.
The EWPT has been investigated in the Standard Model (SM) [1, 2] and in various
extended models [3–10]. Also, a very interesting research has showed that dark matter as
triggers of the electroweak phase transition [11]. For the SM, the strength of the EWPT is
larger than the unit at the electroweak scale, appears too weak for the experimentally allowed
mass of the SM scalar Higgs boson [1, 2]; therefore, it seems that electroweak baryogenesis
requires a new physics beyond the SM at weak scale [3].
Before the neutral Higgs was found, the study of phase transitions in most of models has
been focused on two basic issues: determining the order of phase transition and the neutral
Higgs mass. For the SM, the first order phase transition problem has one variable which is
the mass of the neutral Higgs boson. However, for the extended models, this problem has
at least two variables, the first one is the Higgs mass and the rest includes the masses of
heavy particles. Recently, the neutral Higgs has been discovered by the LHC [12], so the
electroweak phase transition problem is reduced by one variable. This gives a lot of hope for
the extended models in examining the EWPT. The remarkable successes of the last survey
are:
• The SM cannot explain this phenomenon: sources of CP violation is smaller than
Baryon Asymmetry of Universe (BAU) and no the first order phase transition with
the large mass of the neutral Higgs or other word speaking the SM is not enough
triggers for the first order phase transition to turn on [1].
• The extended models such as the two Higgs doublet model (TDHM) or MSSM, can
explain the baryon asymmetry, because sources of CP violation in these models are
4stronger than in the SM and they have the first order phase transition with the mass
of neutral Higgs about 120 GeV. Triggers for the first order phase transition in these
models are heavy bosons, or dark matter candidates [7–9, 11].
Among the extended models, the models based on SU(3)C⊗SU(3)L⊗U(1)X gauge group
(called 3-3-1 for short) [13, 15] have some intriguing features such as they can answer on the
generation problem [13, 15], provide the electric charge quantization [16], etc. According
to the above summarizing, we hope that the 3-3-1 models can also answer the problem of
baryon asymmetry in our Universe.
The current 3-3-1 models have many different forms, but the core is based on the above
mentioned gauge group. The most disadvantage of the 3-3-1 models is the complication in
the Higgs sector, namely these models need at least three Higgs triplets to generate masses
of fermions. Recently there are attempts to solve this problem, and some models with the
simplest Higgs sector (with only two SU(3)L Higgs triplets) have been constructed.
With such a group structure, the 3-3-1 models must have at least two Higgs triplets
[17, 18]. Therefore, the number of bosons in the 3-3-1 models will many more than in the
SM and symmetry breaking structure is different to the SM.
In the present work, we consider the EWPT in the reduced minimal 3-3-1 (RM331) model
[18] because of its simplicity. This model has the minimal leptonic content (with only the
SM leptons) and the presence of bileptons: a singly and a doubly charged gauge bosons,
V ± and U±±, the heavy neutral boson Z2 and the exotic quarks. This model also has two
Higgs triplets. Therefore, the physical scalar spectrum of the RM331 model is composed by
a doubly charged scalar h++ and two neutral scalars h1 and h2 [18]. These new particles
and exotic quarks can be triggers for the first order phase transition.
The plan of the paper is as follows. In Sec.II we give a review of the RM331 about the
boson, lepton and Higgs sectors. In Sec. III, we find the effective potential in the RM331
that has the contribution from heavy bosons and a contribution part like in the SM. In
Sec. IV, we calculate in details structure of phase transition in the RM331, find the first
order phase transition and show constraints on mass of charged Higgs boson. Finally, we
summarize and make outlooks in Sec. V.
5II. A REVIEW OF THE RM331 MODEL
The fermion content of the RM331 model is the same as of the minimal 3-3-1 model [13].
The difference is only in the Higgs sector.
A. Higgs potential
The Higgs potential in the RM331 [18] is given by
V (χ, ρ) = µ21ρ
†ρ+ µ22χ
†χ+ λ1(ρ
†ρ)2 + λ2(χ
†χ)2
+ λ3(ρ
†ρ)(χ†χ) + λ4(ρ
†χ)(χ†ρ) . (1)
The scalar sector contains only two Higgs scalar triplets [18]
ρ =


ρ+
ρ0
ρ++

 ∼ (3, 1) , χ =


χ−
χ−−
χ0

 ∼ (3,−1) . (2)
Expansion of ρ0 and χ0 around their VEVs is usually
ρ0 , χ0 → 1√
2
(vρ , χ +Rρ , χ + iIρ , χ). (3)
This potential immediately gives us two charged Goldstone bosons ρ± and χ± which are
eaten by the gauge bosons W± and V ±.
Let us resume content of the Higgs sector: the physical scalar spectrum of the RM331
model is composed by a doubly charged scalar h++ and two neutral scalars h1 and h2. Since
the lightest neutral field, h1, is basically a SU(2)L component, we identify it as the SM
Higgs boson. In the effective limit vχ ≫ vρ, the Higgs content can be summarized as follows
ρ =


GW+
vρ√
2
+ 1√
2
(h1 + iGZ)
h++

 , χ =


GV −
GU−−
vχ√
2
+ 1√
2
(h2 + iGZ′)

 , (4)
where the Higgs masses are given by:
M2h1 =
(
λ1 − λ
2
3
4λ2
)
v2ρ, M
2
h2
= λ2v
2
χ +
λ23
4λ2
v2ρ, (5)
M2h−− =
λ4
2
(v2χ + v
2
ρ). (6)
6B. Gauge boson sector
The masses of gauge bosons appear in the Lagrangian part
L = (Dµχ)† (Dµχ) + (Dµρ)† (Dµρ) , (7)
where
Dµ = ∂µ − igAaµ
λa
2
− igXXλ9
2
Bµ, (8)
with λ9 =
√
2
3
diag(1, 1, 1) so Tr(λ9λ9) = 2. The couplings of SU(3)L and U(1)X satisfy the
relation:
g2X
g2
=
6s2W
1− 4s2W
,
where cW = cos θW , sW = sin θW , tW = tan θW with θW is the Weinberg angle.
Substitution of the expansion in Eq. (3) into (7) leads to the following result
W± =
A1 ∓ iA2√
2
→ m2W± =
g2v2ρ
4
,
V ± =
A4 ± iA5√
2
→ m2V ± =
g2v2χ
4
, (9)
U±± =
A6 ± iA7√
2
→ m2U±± =
g2
(
v2ρ + v
2
χ
)
4
From (9), it follows that vρ = 246 GeV and the relation
m2U −m2V = m2W .
In the neutral gauge boson sector, with the basis (A3µ, A
8
µ, Bµ), mass matrix is given by
M2 =
g2
4


v2ρ − v
2
ρ√
3
−2κv2ρ
− v2ρ√
3
1
3
(v2ρ + 4v
2
χ)
2√
3
(v2ρ + 2v
2
χ)
−2κv2ρ 2√3(v2ρ + 2v2χ) 4κ2(v2ρ + v2χ),

 ,
where κ = gX
g
. We can easily identify the photon field Aµ as well as the massive neutral Z
and Z ′ bosons [19]
Aµ = sWA
3
µ + cW (
√
3tWA
8
µ +
√
1− 3t2WBµ),
Zµ = cWA
3
µ − sW (
√
3tWA
8
µ +
√
1− 3t2WBµ),
and
Z ′µ = −
√
1− 3t2WA8µ +
√
3tWBµ
7where the mass-square matrix for {Z, Z ′} is given by
 m2Z m2ZZ′
m2ZZ′ m
2
Z′


with
m2Z =
1
4
g2
cos2 θW
v2ρ,
m2Z′ =
1
3
g2
[
cos2 θW
1−4 sin2 θW v
2
χ +
1−4 sin2 θW
4cos2 θW
v2ρ
]
,
m2ZZ′ =
1
4
√
3
g2
√
1−4 sin2 θW
cos2 θW
v2ρ.
Diagonalizing the mass matrix gives the mass eigenstates Z1 and Z2 which can be taken as
mixtures
Z1 = Z cosφ− Z ′ sin φ,
Z2 = Z sinφ+ Z
′ cosφ.
The mixing angle φ is given by
tan 2φ =
m2Z −m2Z1
m2Z2 −m2Z
,
where mZ1 and mZ2 are the physical mass eigenvalues
m2Z1 =
1
2
{
m2Z′ +m
2
Z − [(m2Z′ −m2Z)2 − 4(m2ZZ′)2]1/2
}
,
m2Z2 =
1
2
{
m2Z′ +m
2
Z + [(m
2
Z′ −m2Z)2 − 4(m2ZZ′)2]1/2
}
.
In diagonalization, the mass of Z1 is approximately proportional to vρ (because vχ ≫ vρ), so
Z1 likes the neutral gauge boson Z in the SM. The mass of the new heavy boson Z2 depends
on vρ and vχ; in addition, mW = 80.39 GeV and vρ0 = 246 GeV [20]. Choosing vχ0 = 4 TeV
[14, 18], we obtain mV = 1307.15 GeV and mU = 1309.62 GeV. If we choose s
2
W = 0.23116
[20], we derive mZ1 ≈ mZ = 91.68 GeV and mZ2 = 4.821 TeV. Hence we can approximate
mZ2 ≈ 1.2vχ.
C. Fermion sector
The fermion sector in the model under consideration is the same as in the minimal 3-3-1
model [13]. The Yukawa couplings give the exotic quark masses [18]
LexotY uk = λ
T
11Q¯1LχTR + λ
D
ijQ¯iLχ
∗DjR +H.c.
8= λT11(u¯1Lχ
− + d¯1Lχ
−− + T¯Lχ
0)TR
+λDij (d¯iLχ
+ − u¯iLχ++ + D¯iLχ0∗)DjR +H.c. (10)
When the χ field develops its VEV, these couplings lead to the mass matrix in the basis
(T , D2 , D3)
MJ =
vχ√
2


λT11 0 0
0 λD22 λ
D
23
0 λD32 λ
D
33.


So the exotic quarks have masses around few TeVs because their masses are proportional
to vχ. Therefore we see that masses of exotic quarks approximately equal to mZ2 , but they
only involve in the transition phase SU(3)→ SU(2).
For usual quarks, the Yukawa couplings give the masses of them through the triplet ρ.
Therefore, also like the SM, the usual quarks only involve in the transition phase SU(2)→
U(1).
However, the charged lepton masses arise from the effective dimension five operator
through the couplings of both χ and ρ with the following Lagrangian [18]
LlY uk =
κl
Λ
(
f cLρ
∗) (χ†fL)+H.c. (11)
From Lagrangian (11), we obtain ml =
vχ
Λ
κlvρ, the coupling constant vχ/Λ ≈ 1, so
ml ≈ κlvρ. Finally the masses of charged leptons depend only on vρ. Therefore, they
only involve in the transition phase SU(2) → U(1). Taking into account me = 0.5 MeV,
mµ = 105 MeV, mτ = 1.77 GeV, ones get ke = 2×10−5, kµ = 4.3×10−3 and kτ = 7.2×10−2.
III. EFFECTIVE POTENTIAL IN RM331
From the Higgs potential we obtain V0 depending on VEVs as follows
V0(vχ, vρ) = µ
2
1v
2
χ + µ
2
2v
2
ρ + λ1v
4
χ + λ2v
4
ρ + λ3v
2
χv
2
ρ.
Here V0 has quartic form like in the SM, but it depends on two variables vχ and vρ and
has the mixing between vχ and vρ. However, developing the potential (1), we obtain two
minimum equations. Therefore, we can transform the mixing between vχ and vρ to the form
that depends only on vχ or vρ. Hence, we can write V0(vχ, vρ) = V0(vχ) + V0(vρ).
9In order to derive effective potential, starting from the Higgs Lagrangian and using the
principle of least action, we arrive at the equation of motion for fields. Expanding Higgs
fields around VEVs and averaging over space for all fields, we obtain the one-loop effective
potential (for details, see Ref.[1]).
The full Higgs Lagrangian in the RM331 model is given by
L = (Dµχ)† (Dµχ) + (Dµρ)† (Dµρ) + V (χ, ρ),
where
V (χ, ρ) = µ21ρ
†ρ+ µ22χ
†χ+ λ1(ρ
†ρ)2 + λ2(χ
†χ)2
+ λ3(ρ
†ρ)(χ†χ) + λ4(ρ
†χ)(χ†ρ).
Expanding ρ and χ around vρ and vχ which are considered as variables [24], so we obtain
L = 1
2
∂µvχ∂µvχ +
1
2
∂µvρ∂µvρ + V0(vχ, vρ) +
∑
boson
m2boson(vχ, vρ)W
µWµ,
where W runs over all gauge fields and Higgs bosons. Through the boson mass formulations
as in the above sections, we can split masses of particles into two parts as follows
m2boson(vχ, vρ) = m
2
boson(vχ) +m
2
boson(vρ).
The effective potential is the function that depends on VEVs and temperature. The
masses of particles depend on VEV of Higgs bosons. Therefore, when we consider the
effective potential, we must consider contributions from fermions and bosons. However, for
fermions, we have retained here only the top quark and exotic quarks, which dominate over
the contributions from the other fermions [1]. And in the RM331 model, there are two
VEVS so we have two motion equations according to vχ and vρ
∂µvχ∂µvχ +
∂V0(vχ)
∂vχ
+
∑ ∂m2bosons(vχ)
∂vχ
W µWµ +
∑ ∂mexotic−quarks(vχ)
∂vχ
QQ¯ = 0, (12)
∂µvρ∂µvρ +
∂V0(vρ)
∂vρ
+
∑ ∂m2bosons(vρ)
∂vρ
W µWµ +
∂mtop−quark(vρ)
∂vρ
tt¯ = 0. (13)
The RM331 has the gauge bosons: two massive like the SM bosons Z1 and W
± and the
new heavy neutral boson Z2, the singly and doubly charged gauge bosons U
±± and V ±;
and two doubly charged Higgses h++ and h−−, one heavy neutral Higgs h2 and one like-SM
Higgs h1. Masses of gauge bosons and Higgses in the RM 331 model are presented in Table
I
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TABLE I: Mass formulations of bosons in the RM331 model
Bosons m2(vχ, vρ) m
2(vχ) m
2(vρ)
m2W±
g2v2ρ
4 0 80.39
2 (GeV)2
m2V ±
g2v2χ
4 1307.15
2 (GeV)2 0
m2U±±
g2(v2ρ+v2χ)
4 1307.15
2 (GeV)2 80.392 (GeV)2
m2Z1 ∼ m2Z 14 g
2
cos2 θW
v2ρ 0 91.682
2 (GeV)2
m2Z2 ∼ m2Z′ 13 g2
[
cos2 θW
1−4 sin2 θW v
2
χ +
1−4 sin2 θW
4cos2 θW
v2ρ
]
4.82 (TeV)2 14.532 (GeV)2
m2h1
(
λ1 − λ
2
3
4λ2
)
v2ρ 0 125
2 (GeV)2
m2h−−
λ4
2 (v
2
χ + v
2
ρ)
λ4
2 v
2
χ
λ4
2 v
2
ρ
m2h2 λ2v
2
χ +
λ2
3
4λ2
v2ρ λ2v
2
χ
λ2
3
4λ2
v2ρ
From two equations (12) and (13) and averaging over space by using Bose-Einstein and
Fermi-Dirac distributions for bosons and fermions, we obtain the following effective poten-
tials
Veff(vχ) = V0(vχ) +
3
64pi2
(
m4Z2(vχ) ln
m2Z2(vχ)
Q2
− 12m4Q(vχ) ln
m2Q(vχ)
Q2
)
+
1
64pi2
(
m4h2(vχ) ln
m2h2(vχ)
Q2
+ 2m4h++(vχ) ln
m2h++(vχ)
Q2
)
+
3
64pi2
(
2m4U(vχ) ln
m2U (vχ)
Q2
+ 2m4V (vχ) ln
m2V (vχ)
Q2
)
+
T 4
4pi2
[
F−
(
mh2(vχ)
T
)
+ 2F−
(
mh++(vχ)
T
)
+ 12F+
(
mQ(vχ)
T
)]
+
3T 4
4pi2
[
F−
(
mZ2(vχ)
T
)
+ 2F−
(
mU(vχ)
T
)
+ 2F−
(
mV (vχ)
T
)]
,
and
Veff(vρ) = V0(vρ) +
3
64pi2
(
m4Z1(vρ) ln
m2Z1(vρ)
Q2
+m4Z2(vρ) ln
m2Z2(vρ)
Q2
+ 2m4W (vρ) ln
m2W (vρ)
Q2
+ 2m4U(vρ) ln
m2U(vρ)
Q2
− 4m4t (vρ) ln
m2t (vρ)
Q2
)
+
1
64pi2
(
m4h1(vρ) ln
m2h1(vρ)
Q2
−m4h2(vρ) ln
m2h2(vρ)
Q2
+ 2m4h++ ln
m2h++(vρ)
Q2
)
+
T 4
4pi2
[
F−
(
mh1(vρ)
T
)
− F−
(
mh2(vρ)
T
)
+ 2F−
(
mh++(vρ)
T
)]
11
+
3T 4
4pi2
[
4F+
(
mt(vρ)
T
)
+ F−
(
mZ1(vρ)
T
)
+ F−
(
mZ2(vρ)
T
)
+ 2F−
(
mW (vρ)
T
)
+ 2F−
(
mU(vρ)
T
)]
,
where
F∓
(
mφ
T
)
=
∫ mφ
T
0
αJ
(1)
∓ (α, 0)dα,
J
(1)
∓ (α, 0) = 2
∫ ∞
α
(x2 − α2)1/2
ex ∓ 1 dx.
The total effective potential in the RM331 model can be rewritten as follows
V RM331eff = Veff(vχ) + Veff(vρ).
IV. ELECTROWEAK PHASE TRANSITION
The symmetry breaking in the RM331 can take place sequentially: due to two scales of
symmetry breaking which are very different, vχ0 ≫ vρ0 (vχ0 ∼ 4− 5 TeV [14, 18], vρ0 = 246
GeV) and because of the accelerating universe. The symmetry breaking SU(3) → SU(2)
takes place before the symmetry breaking SU(2)→ U(1).
The symmetry breaking SU(3) → SU(2) through χ0, generates masses of the heavy
gauge bosons such as U±±, V ±, Z2, and the exotic quarks. Therefore, the phase transition
SU(3)→ SU(2) only depends on vχ. When our universe has been expanding and cooling due
to vρ0 scale, the symmetry breaking or phase transition SU(2)→ U(1) is turned on through
ρ0, which generates masses of the SM particles and the last part of masses of U
±±. Therefore
phase transition SU(2) → U(1) only depends on vρ. For the current universe having the
baryon asymmetry, this asymmetry must exist from the initial conditions of the universe. If
the early universe has not the baryon asymmetry, the current universe will not have it [1]. In
other words, this asymmetry exists throughout periods of the universe to date. In order to
describe baryogenesis, models must satisfy three conditions given by Sakharov. Especially
in the third condition, the spontaneous symmetry breaking must be associated with the first
order phase transition. In the RM331 model, the spontaneous symmetry breaking takes
place in two different energy scales or other word speaking the electroweak phase transition
is the combination of two different phase transitions. Therefore, if the RM331 model well
describes this phenomenon, both two phase transitions are the first order phase transition.
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In contrast, if one of two phase transitions is not the first order phase transition, the RM331
model will not fully describe this asymmetry, since this model does not ensure the continuity
of baryogenesis in the universe.
Through the boson mass formulations in the above sections, we see that boson V ± only
involves in the first phase transition SU(3) → SU(2). The gauge bosons Z1, W± and h1
only involve in the second phase transition SU(2) → U(1). However, U±±, Z2 and h−−
involve in both two phase transitions.
With that structure of phase transition, we see that the mass of U±±, is generated
by both two phase transitions. When the universe at vχ0 scale, the symmetry breaking
SU(3) → SU(2) generates masses for the exotic quarks and a part of U±±, or other word
speaking, it eaten one Goldstone boson χ±± of triplet χ. When the universe cool to vρ0
scale, the symmetry breaking SU(2) → U(1) is turned on, it generates masses for the SM
particles and the last part of U±±, or U±± eaten the other Goldstone boson ρ±± of triplet
ρ.
A. Phase transition SU(3)→ SU(2)
This phase transition involves exotic quarks, heavy bosons, without involvement of the
SM particles, the effective potential of the EWPT SU(3)→ SU(2) is Veff(vχ).
Veff(vχ) = V0(vχ) +
3
64pi2
(
m4Z2(vχ) ln
m2Z2(vχ)
Q2
− 12m4Q(vχ) ln
m2Q(vχ)
Q2
)
+
1
64pi2
(
m4h2(vχ) ln
m2h2(vχ)
Q2
+ 2m4h++(vχ) ln
m2h++(vχ)
Q2
)
+
3
64pi2
(
2m4U(vχ) ln
m2U (vχ)
Q2
+ 2m4V (vχ) ln
m2V (vχ)
Q2
)
+
T 4
4pi2
[
F−
(
mh2(vχ)
T
)
+ 2F−
(
mh++(vχ)
T
)
+ 12F+
(
mQ(vχ)
T
)]
+
3T 4
4pi2
[
F−
(
mZ2(vχ)
T
)
+ 2F−
(
mU(vχ)
T
)
+ 2F−
(
mV (vχ)
T
)]
.
The symmetry breaking scale is vχ0 chosen to be 4 TeV [14, 18] and the masses of three
exotic quarks are mQ. Therefore, the effective potential can be rewritten as follows
V effSU(3)→SU(2) = D
′(T 2 − T ′20)vχ2 − E ′Tv3χ +
λ′T
4
v4χ
13
The minimum conditions are
Veff(vχ0) = 0;
∂Veff (vχ)
∂vχ
(vχ0) = 0;
∂2Veff(vχ)
∂v2χ
(vχ0) = m
2
h2(vχ)|vχ=vχ0 ,
where
D′ =
1
24vχ0
2
{
6m2U(vχ) + 3m
2
Z2
(vχ) + 6m
2
V (vχ) + 18m
2
Q(vχ) + 2m
2
h2
(vχ) + 2m
2
h±(vχ)
}
,
T ′20 =
1
D
{
1
4
m2h2(vχ)−
1
32pi2v2χ0
(
6m4U(vχ) + 3m
4
Z2
(vχ) + 6m
4
V (vχ)− 36m4Q(vχ)
+m4h2(vχ) + 2m
4
h±(vχ)
)}
,
E ′ =
1
12piv3χ0
(6m3U(vχ) + 3m
3
Z2(vχ) + 6m
3
V (vχ) +m
3
h2(vχ) + 2m
3
h±(vχ)),
λ′T =
m2h2(vχ)
2v2χ0
{
1− 1
8pi2v2χ0m
2
h2
(vχ)
[
6m4V (vχ) ln
m2V (vχ)
bT 2
+ 3m4Z2(vχ) ln
m2Z2(vχ)
bT 2
+6m4U(vχ) ln
m2U(vχ)
bT 2
− 36m4Q(vχ) ln
m2Q(vχ)
bFT 2
+m4h2(vχ) ln
m2h2(vχ)
bT 2
+2m4h±(vχ) ln
m2h±(vχ)
bT 2
]}
.
The values of Veff(vχ) at the two minima become equal at the critical temperature
T ′c =
T ′0√
1−E ′2/D′λ′T ′c
. (14)
The problem here is that there are three variables: the masses of h2, h
−− and Q. However,
for simplicity, following the ansazt in [9], we assume mh2 = X , mh−− = mQ = K and
mZ2(vχ) = 4.821 TeV. Note that the contributions from h2, h
−−, Z2, in this phase transition,
are X or K, different to their contributions in the phase transition SU(2)→ U(1). In order
to have the first phase transition, the phase transition strength must be larger than the unit,
i.e., vχc
T ′c
≥ 1.
In figure 1, we have plotted K as a function of mh2(vχ), with mh2(vχ) > 1 TeV.
According to Fig. 1, if X is larger than 1 TeV, the heavy particle masses are in range of
few TeVs in order to have the first order phase transition. In addition, this phase transition
can be strong first order.
B. Phase transition SU(2)→ U(1)
This phase transition dose not involve the exotic quarks and boson V ± and the contri-
bution from U∓∓ is equal to W∓. The effective potential of the EWPT SU(2) → U(1) is
14
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FIG. 1: WhenX > 1 TeV, the solid contours of 2E′/λ′T ′c = 1, the dashed-dotted contour: 2E
′/λ′T ′c =
2, the dotted contour: 2E′/λ′T ′c = 3, the dashed contour: 2E
′/λ′T ′c = 5.
Veff(vρ):
Veff(vρ) = V0(vρ) +
3
64pi2
(
m4Z1(vρ) ln
m2Z1(vρ)
Q2
+m4Z2(vρ) ln
m2Z2(vρ)
Q2
+ 2m4W (vρ) ln
m2W (vρ)
Q2
+ 2m4U(vρ) ln
m2U(vρ)
Q2
− 4m4t (vρ) ln
m2t (vρ)
Q2
)
+
1
64pi2
(
m4h1(vρ) ln
m2h1(vρ)
Q2
+m4h2(vρ) ln
m2h2(vρ)
Q2
+ 2m4h++ ln
m2h++(vρ)
Q2
)
+
T 4
4pi2
[
F−
(
mh1(vρ)
T
)
+ F−
(
mh2(vρ)
T
)
+ 2F−
(
mh++(vρ)
T
)]
+
3T 4
4pi2
[
4F+
(
mt(vρ)
T
)
+ F−
(
mZ1(vρ)
T
)
+ F−
(
mZ2(vρ)
T
)
+ 2F−
(
mW (vρ)
T
)
+ 2F−
(
mU(vρ)
T
)]
.
The minimum conditions are
Veff(vρ0) = 0;
∂Veff
∂vρ
(vρ0) = 0;
∂Veff
∂vρ
(vρ0) = m
2
h1
+m2h2(vρ)|vρ=vρ0 .
From the above minimum conditions, we see that in this EWPT m2h2(vρ) plays the role
to generate masses of the last heavy particles and m2h1 generates masses of the SM particles.
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With the symmetry breaking scale equal to Q ≡ vρ0 = v0 = 246 GeV, the high-
temperature expansion of this potential has the form
V RM331eff = D(T
2 − T 20 ).v2ρ − ET |vρ|3 +
λT
4
v4ρ,
where
D =
1
24v02
[
6m2W (vρ) + 6m
2
U(vρ) + 3m
2
Z1
(vρ) + 3m
2
Z2
(vρ)
+6m2t (vρ) +m
2
h1
(vρ) +m
2
h2
(vρ) + 2m
2
h±(vρ)
]
,
T 20 =
1
D
{
1
4
(m2h1(vρ) +m
2
h2(vρ))−
1
32pi2v20
(
6m4W (vρ) + 6m
4
U(vρ) + 3m
4
Z1(vρ)
+3m4Z2(vρ)− 12m4t (vρ) +m4h1(vρ) +m4h2(vρ) + 2m4h±(vρ)
)}
,
E =
1
12piv30
(
6m3W (vρ) + 6m
3
U(vρ) + 3m
3
Z1(vρ) + 3m
3
Z2(vρ)
+m3h1(vρ) +m
3
h2(vρ) + 2m
3
h±(vρ)
)
, (15)
λT =
m2h1(vρ) +m
2
h2(vρ)
2v20
{
1− 1
8pi2v20(m
2
h1
(vρ) +m2h2(vρ))
[
6m4W (vρ) ln
m2W (vρ)
bT 2
+3m4Z1(vρ) ln
m2Z1(vρ)
bT 2
+ 3m4Z2(vρ) ln
m2Z2(vρ)
bT 2
+ 6m4U(vρ) ln
m2U (vρ)
bT 2
−12m4t (vρ) ln
m2t (vρ)
bFT 2
+m4h1(vρ) ln
m2h1(vρ)
bT 2
+m4h2(vρ) ln
m2h2(vρ)
bT 2
+2m4h±(vρ) ln
m2h±(vρ)
bT 2
]}
The effective potential has two minimum points, the first minimum at vρ = 0 and the
second one at vρc =
2ETc
λTc
. In the limit E → 0, we has the second order phase transition. In
order to have the first order phase transition, the phase transition strength has to be larger
than the unit, i.e., vρc
Tc
≥ 1. The critical temperature Tc is given by
Tc =
T0√
1−E2/DλTc
. (16)
The equation (16) is self-consistent with the critical temperature because λTc is a function
of Tc. According to the LHC, we take mh1 = 125 GeV and put mh2(vρ) = Z, mh−−(vρ) = Y
and mZ2(vρ) = 14.53 GeV.
In Fig.2, we show the masses region of h1 and h++ where the necessary condition of the
first order phase transition is imposed. According to Fig.2, and by the numerical evaluation,
the strength of the EWPT is in range, 1 ≤ 2E/λTc < 5. Therefore, in the RM331 we always
have the first order phase transition but it is weak (at the vρ scale).
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FIG. 2: When the solid contour of 2E/λTc = 1, the dashed contour: 2E/λTc = 1.1, the dotted
contour: 2E/λTc = 1.15, the dotted-dashed contour: 2E/λT ′c = 1.2
The contributions from new particles (at the first symmetry breaking) make of the first
order phase transition that the Standard Model cannot. However, there is one thing special,
heavy particles as U±±, h2, h−−, Z2 that contribute only the little part in their total masses.
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v_Ρ
-5.0 ´106
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V_eff
FIG. 3: For example, the effective potential for 2E/λTc = 1, with Y = 342 GeV, Z = 120.109
GeV. The critical point at Tc = 149.549 Gev. Solid line: T = Tc, lines above solid line: T > Tc,
lines under solid line: T < Tc
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In Fig. 3, when temperature go close to Tc, the second minimum slowly formed distinct, ie
the phase transition nucleation appears. When temperature go to Tc, the symmetry breaking
phase is turned on and temperature go down Tc, the system switches to the symmetry
breaking phase.
To finish this section, we conclude that the effective potential of this model is different
from that of the SM, and it has the contributions from heavy bosons, which plays role of
the triggers for the first order phase transition with mh1 = 125 GeV.
C. Constraint on mass of charged Higgs boson
In Section IV, from the phase transition SU(2)→ U(1), we have derived
200GeV < Y = mh++(vρ) < 1200GeV
and
0 < Z = mh2(vρ) < 624GeV.
Therefore, we get
(200 GeV)2 <
λ4
2
v2ρ0 < (1200GeV)
2,
(0 GeV)2 <
λ23
4λ2
v2ρ0 < (624GeV)
2. (17)
Taking into account of the recent Higgs boson mass (125 GeV), combining with the formula
(5), we also obtain (
λ1 − λ
2
3
4λ2
)
v2ρ0 = (125GeV)
2. (18)
Combination of the equations in (17) and (18) leads to
0 < λ1 < 6.692,
0 <
λ23
4λ2
< 6.434,
1.321 < λ4 < 47.59.
From equation (19), leading to λ1, λ2, λ4 that must be positive, satisfying the above bound
conditions and 3.258 TeV< mh++ < 19.549 TeV . Thus the mass of the heavy Higgs must
be some few TeVs, the electroweak phase transition in this model is the first order phase
transition. We hope that the heavy particles will uncover many more new physics.
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V. CONCLUSION AND OUTLOOKS
We have used the effective potential at finite temperature to study the structure of the
electroweak phase transition in the RM331 model. This phase transition is separated into
two phases. The first transition period is SU(3)→ SU(2), or the symmetry breaking in the
energy scale vχ0 (in order to generate masses for the heavy particles and the exotic quarks).
The second phase transition is SU(2) → U(1) at vρ0 , which generates masses for all usual
fermions and the SM gauge bosons. The electroweak phase transition in this model (in the
scale vρ) may be the weakly first order electroweak phase transition with mh1 = 125 GeV if
the heavy bosons masses are some few TeVs. So this is strong enough to study the baryon
asymmetry.
If Z2 exists, its mass is some few TeVs, so its contribution to the electroweak phase tran-
sition is very large. Therefore, the electroweak phase transition in this model is completely
turned on. In other words, the baryon asymmetry problem in this model is directly related
to the mass of Z2.
The self-interactions of Higgs in this model are more complicated than the SM, because
heavy particles involve in both two phase transitions. Thus calculating the quantum correc-
tions can reveal many new physical phenomena and opens up new relations further between
Cosmology and Particle Physics. In addition, from the phase transitions, we can get some
bounds on the Higgs self-couplings.
Although we only work on the RM331 model, but this calculation can still apply to other
3-3-1 models such as the recent supersymmetric reduced minimal 3-3-1 model [22] and the
3-3-1-1 model [23]. So the 3-3-1 models can have specific advantages more than the SM in
explaining the baryon asymmetry problem.
Our next works will calculate the sphaleron rate and CP violations in 3-3-1 models, in
order to analysis in details electroweak baryogenesis. In addition, by using the electroweak
phase transition or baryogenesis problem, we can predict masses of the heavy particles
beyond the SM such as 3-3-1 models.
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